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COSMO-RS calculations
The pK a for water and acetic acid adsorbed on substituted calcite slabs was calculated using COSMO-RS 1 and the COSMOtherm 2,3 program. We used Turbomole v6.5 4,5 , the BP 6 7 functional and the TZVP basis set 8 , and an infinite dielectric constant for the COSMO implicit solvent. The BP_TZVP_C30_1301 parameterization was used in all COSMO-RS calculations. For the surface pK a simulations, we used 80 atom clusters to represent the calcite surface and relaxed only the 10 atoms of the surface that are not near an edge. This procedure gave a converged pK a for water on unsubstituted calcite 9 . An example of the system is shown in Figure SI 
Additional results
The change in adsorption energy , ΔE ads , resulting from ion substitution, is shown in Table SI-1. The most obvious trend is that a surface where Mg or any transition metal substitutes, adsorption of water is strongly favoured over benzene, which makes sense, considering the free energy of hydration. The free energies for transferring molecules from oil to the oil-water interface are shown in Table SI -2. The trends are very similar to our previous study 10 but the values are slightly different. Some reasons are that we are using different molecules and different oil composition for this work and also that the COSMO-RS parameterization is new and slightly improved. The values in Table SI -2 were used to generate equilibrium constants to describe the composition at the oil-water interface for the simulation in the main paper. The pKa values for water and acetic acid on calcite {10.4} are presented in Table SI -3. pKa for both water and acetic acid adsorbed on calcite are lower than their values in bulk water, and there is little variation for the acetic acid. 
